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re 2 
describes the use cf a superhigh frequency field for plasma heating during 
its investigation by the resonator or the wavemuida method, In detail, 
the sections contain: section 1: plasma cenductivity in a supernaigh- 
frequency field (conductivity in a weak field; conditions Zor small field 
effects on plasma; conductivity in the presence of a tonatant magnetic 
field); secticn 2; resonator method (parameters ‘etial resonator 
filled with plasma; determination of electron concentration in plasma; 
determination of the electron ccllisicn frequancy; experimental technique; 
3 section 3; waveguide method (provagation of waves 
along a waveguide filled with plasma; appiications of the method; ex- 
perimental technique; results cf the method); section d use cf electron 
gas heated by a high-frequency fiaid for plasma examination (neating of 
electron gases in a high frequency field; use of high-frequeacy heating 
of electron gas to invastigate a disintegrating plasma); section 4: prob- 
ing of plasma with oriented waves (method of free space) (propagation of 
electromagnetic waves through plasma; homogeneous isotropis plasma; pro- 
pagation along a plane layer of inhomogenecus 
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TEXT; The authors gtudied plasma in the research installation “Al* fa" 
with 3-cm and 8-mm waves. Fig.1 shows 4 block diagram nf the meagurike 
arrangement. The studies were carried out at a voltage of 10 and 15 kT 
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of the longitudinal field of 180, 360, 940, and 72C ca, ana pressures 
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TITLE: Experimental study of the diffusion decomposition of a plasma 
in a magnetic field. II 
PERIODICAL: Zhurnal tekhnicheskoy fizixi, v. 352, no. 1, *96@2, 127 - 129 


TEXT: The authors measured the dependence of the diffusion rate in a 
helium plasma on pressure (0.02 - 0.8 mm Hg) and on the loncitudinal 
magnetic field (up to 2400 oe). The measurenents were mage in pulsed 
operation (20 cps, pulse duration 1-2 usec); in the intervals between the 
puises the plasma electron concentration was measured by tne waveriude method. 
The d:ffusion coefficients measured are in good agreement with a formula 
ealculeted in Ref.1 (V. Ye. Golant and 4. EF, Zhilinskiy, ZhTF, 30, 745, 
1960). It is found that the transverse escape rate of charged particles ir. 
the magnetic field is considerably higher than the diffusion rz calecul- 
ated from collisions between electrons and atoms: The plasma Jeconrositior 
constant was found to depend practically linearly both on the magnetic 
field and on pressure. The orbital velocity of charged particles along the 
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TEXT: The diffusion currents of charged plasma particles across 4 strong 
Marnetic field were investigated for different ratios between the Larmor 
radii of the particles and the Debye radius. The. Coulomb field of the in- 
teraction between the particles is cut off at the Debye radius. Tre defor. 
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tribution of charged par~ 
ticles ina decaying plasma in the concentration range 1914¢.-,913 
cS Y reported experimental data (Zh. 
tekhn. fiz. v. 32, 197, 1962). It is shown that the procedure for 
the determination of the spatial distribution of the charged parti-~ 
cles used in this research (Zh. tekhn. fiz. v. 30, 1009, 1960) can 
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A theoretical procedure for pro= 
rived on the basis of the geo-~ 


and the resultant curves are con- 
firmed by data on the Spatial distribution of the 


cessing the experimental data is de 


wits are in agreement with the theory 
of plasma decay. Orig. art. has: 5 figures and 7 formulas. 
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on plasma diffusion across a atrong magnetie field 
PERIODICAL: Zhurnal tekhnicheskoy fiziki, v. 335 NO. 3, 1963, 257-262 
TEXT: Plasma diffusion acroas a magnetic field is inveitigated taking | 


electric field due to charge separation by the collisions. The magnetic: 
field is assumed to be strong enough for & the Larmor frequencies to be |. 
greater than y the collision frequencies and ¢ the Larmor radii much 
Then the concentration gradient 
and the field are small and the diffusion current can be: given ag a p/i - 
expansion. Only the first non-vanishing terms of thig expansion are 
considered. fhe electric field produced by the charge reparntion has a} 
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| 
account of the higher derivatives of concentration and the non-uniform 2 
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strength of ~T/el, and ‘provides a bipolar diffusion mechanism in a 


a 
totally ionized gas. If the ion Larmor radii are smallur thaa 1 the | 
bipolar diffusion currents due to collisions of equal particies. will be 
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TITLE; Investigation of the diffusion of charged particles in a decaying plasma in 
@ magnetic field 
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ABSTRACT: Previous measurements (V.Ye.Golant and A.P.Zhilinskiy,ZhaTF ,32,127,1962) 
have shown an anomalously high rate of decay of plasma in a longitadinal magnetic 
field when the diameter of the discharge tube is small. In onter to investigate this 
phenomenon, the decay of Spectroscopically pure heliun plasmas was observed in glass 
and quartz discharge tubes with diameters ranging from 0.4 to 6.6 cn. Longitudinal 
magnetic fields up to 6000 Oe were employed with the smaller discharge tubes, and 
fields as high as 1300 Oe were employed with the largest tube. The plasmas were 
formad by hot cathode pulse discharges in He at pressures from 0.05 to 1.5 mm He. 
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The decay was followed by observing the shift of the resonant frequency of a micro~ 
wave resonant cavity surrounding part of the discharge tube. In some cases the 
change in the Q of the cavity was also followed in order to obtain information about 
electron collision rates. Wavelengths in the neighborhoods of 3 and 30 em were oan- 
ployed. Transverse diffusion coefficients were caleulated fren the observed 

cay curves with the aid of suitable assumptions concerming the longitudinal di 

ion. The transverse diffusion coefficients obtained for plasmas in discharge t 

with diameters of 4 cn or greater agreed woll with theoretical values. Those for 
plasmas in smaller discharge tubes did not, the observed transverse diffusion covcf- 
ficients being greater than the theoretical by a quantity that is roughly indepen~ 
dent of the magnetic field. The following possible causes for this anomalous be- 
havior are briefly discussed and rejected: impurities in the gas; enhanced clectron 
temperatures; disturbance of the ambipolar diffusion mechanisn by magnetic field in- 
homogeneities. The authors consider it most likely that an instability develoss 
and gives rise to anomalous transverse diffusion. The excitation of oblique drift 
waves or ionic~acoustic waves, and the development of small scale flute instability 
are mentioned as possibilities, During the expariments it was noted that even a very 
small misalignment of the discharge tube with respect to the magnetic ficld would 
greatly inareasa the plasma decay rate. The diffusive decay of a plasma in a rec- 
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tangular discharge tube in an oblique magnetic field is treated theoretically. it 
is shown that when the angle between the discharge tube axis and the magnetic field 
lies between certain limits, the ambipolar diffusion mechanism is disturbed and tne 
electrons diffuse primarily along tho magnetic Yield while the ions dizfuse mainly 
transversely to it. Tne relation between obliquity to the magnetic Zield and plasma 
decay rate calculated for a rectangular discharge tube accounts reasonably well for 
the effect observed with cylindrical tubes. "She authors express their deep grati- 
tude to V.V.Bulanin, who participated in some of the experimental investigations. 
The authors are deeply grateful to O.P.Bochkova, in whose laboratory the spectrun 
analysis of the gas was conducted." Orig.art.has: 28 formulas, 8 figures and 2 ta- 
dles. 
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TITLE: On the reasons for anomalously rapid decay of a plasna in a magnetic field 


SOURCE: Zhurmal telhnicheskoy f£iziki v.34, no.l, 1954, 89-99 
¥ ’ , , 


TOPIC TAGS: plasma, plasma decay, plasma Gecay in magnetic field, anomalous plasz. 
decay, electron temperature, recombination, oblique Grift waves, Zlute instability 
ABSTRACT: Several experiments /Srig.art.cites 6 references/ have Shown that 
ly ionized plasma in a cylindrical container of Small diameter in a longitudinal ’ 
Magnetic field decays more rapidly than can be accounted for by current diffusion 
theory. In order to determine whether this anomalous behavior may be due to en- 
hanced electron temperacure, the decay of heliun plasmas in a 0.5 cn dianeter glass 


Gischarge tube was observed at anbient tenporatures of 300 and 500°K. The gas pres- 


Sure was 0.1 m Hg, and longitudinal magnetic fields up to 4800 Oe were enployed,. 
The plasma decay was followed by observing the shift in the resonant frequency of a 
Cavity resonator enclosing a portion of the discharge tube, Tha intensity of the 
light emitted by the decaying plasma was monitored with a, photomultiplier in order 
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to observe changes in the recombination rate. Raising the ambient temperature from 
300 to 500°K produced a small increase in the plasma decay rate. The radiated lizht 
intensity was proportional to the square of the electron density and was independent 
of the magnetic field. The light intensity was greater by a‘factor 3 or 4 at 300° 
than at 500°, From these data and the roughly known temperature dependence of the 
recombination rate, it is concluded that the electron temperature could not exceed 
the ambient tempcrature by more than a factor 2.5. It is acconlingly concluded 
that enhanced electron temperature cannot be responsible for the anonalous decay 
rate, Thet the rapid decay night be due to recombination is excluded by the fact 
that the decay rate increased with increasing ambient temperature, whereas the ra- 
combination rate decreased. It is inferred that tha anomalously rapid decay of a 
plasma in a magnetic field is due to the development of instability. The excitation 
of oblique drift waves, and the development of small-scale flute instability due to 
rotation of the non-uniform plasma in the magnetic field are mentioned as possibiii~ 
ties. Orig.art.has;: 1 formula and 3 figures, 
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ABSTRACT: The charged particle density in a hot cathode argon discharge was inves- 
tigated at pressures from 0.001 to 1 mm dig anc currents up to 25 4 in the presence , 
o2 a longitudinal magnetic field of 2500 Oc or less. A brief theoretical discussion 
is also givon, based on the work of I.Langnuir and L.Tonks (Pavs.Rev,33,954,1929; 

7. 34,676 ,1925), which leads to expressions for the ion density in tha two limiting 

1 cases that the ion mean free path is long or short, respectivaiy, compared with the 
dimensions of tho apparatus. The dischargo took place in a 6 co diameter glass 
tube botwoen a 4 cm diameter molybdonun anode and a directly aeated spiral tungsten 
cathode located 20 cm from it. The omitting surface of the cathode was 0.5 en?, A 3 
mm long 0.3 mm diameter molybdenum probo vas provided on tho axis of the tube to 
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measure the ion density. Tho charged particle density was also determined from tho 
attenuation of microwaves, focused with elliptical reflectors. The ratio of the 
probe ion current to the ion density was determined from tho microwave measurenents, 
at donsities below tho critical value, This ratio was assumed to remain constant at, 
higher densities and was used to doterming the ion donsity from the probe current. | 
Tho apparatus was operated under steady state conditions at currents up to 2 A and: ! 
was pulsed at higher currents. Preliminary cxperiments with Ha, A and Xe showed 
that, in agreement with the theory, the ion density increased witn ton mass under 
otherwise similar conditions. The ion density was approximately proportional to the 
total current. For fixed current, the ton density increased with decreasing cathode 
temperature; this is a consequence of the increasing fraction of the cathode current 
carried by ions. In the absenco of tho magnetic field, tha ion density for fixed 
current increased monotonically with the pressure. With the aagnetic field present, 
the ion density reached a maximum at a pressuro between 0.01 and 0,1 mm Hg and do- 
creased at higher pressures. The pressure for maximum ion density increased with in- 
creasing magnetic field, and the dacrease in density at higher pressures is ascibed 
‘to loss of ions to the walls by transverse diffusion. At 25 A and 2500 Oo the rising 


portion of the oxperimental ion density versus pressure curvy agreed with the theo- 
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rotical curve within about a fuctor of 2. This agreement can bo considered satisfac 
tory. For ¢ixed current the ton density rosea rapidly with increasing maynette 

deld. Ion densities of tho order of 1019 en-3 vere attained, which correspond to 

"In eanelusion, the authors express their _ 


a degree of fhonizatilon oF several tentas, 
of . e zz 4-~ 7 3 tt 
deep gratitude to V,A.Yermakov, who participated in sone of thease investsgations, 


Orig.art,nas: 14 formulas and 7 figures. 
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TITLE: Electromagnetic radiation from an electron beam traversing a plasna in a mag- . 


netic field 


SOURCE: Zhurnal tekhnicheskoy fiziki, v. 35, no. 11, 1965, 2034-2041 


2. ye 


TOPIC TAGS:. helium’ lasma, plasma bean interaction 


» Plasma, plasma oscilletion, 
plasma wave, cyclotron resonance, electron beam 


ABSTRACT: The authors have investigated the microwave (3 cn wavelongth) flelds in 
‘and radiation from plasmas produced by 20 to 900 mA beams of 0.8 to 2 keV electrons 
traversing helium at pressures from 5 X 1073 to 1 x 1071 mom Hg in the presence of 2 
2kOe or weaker unifom longitudinal magnetic field. The plasmas were produced in a 
5 cm diameter 40 cm long glass tube containing at one end an electron gun producing a 
0.5 cm diameter beam. The electron gun was operated with 2 usec pulses at @ repeti- 
tion rate of 50/sec. The radial distribution of the longitudinal microwave electric 
field was determined with the aid of a uhf Probe consisting of a suction of twinlead 
with 4 mm spacing, and the radiated microwaves were received with un open ended wave- 
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The uhf pignaln were recorded 
yer with a 2 Mc passband and & sonsitivity of 5 X 10714, 


One conductor of the uhf probe was employed also 8S a Langnuir probe to detemine the 
plasma density. The discharge tube contained in the end opposite the electron gun an 
anode and & directly heated cathode, with the aid of which a g&s discharge plasma 
could be produced. This plasma was employed to calibrate the Langunait r probe in the 
presence of the magnetic field and in sane other ouxilLary exporinents. ‘he plasma 
produced by the electron beam was found to extend far peyoml the Limits of the beam. 
The microwave field strength and radiation intensity were investiyated as functions 
of the magnetic field strength, g&5 pressure, beam current, and electron energy» and 
the results are presented graphically and discussed. Tne intensity of the ubf radia- 
tion varied greatly with the conditions of operation, but such roijation 73s observed 
at magnetic field strengths an order of magnitude lower than that corresponding ta 
the electron cyclotron resonance, and in some cases in the absence of a magnatic 


further work will be required to elucidate the nature of the coupling between 
ie waves which 


guide section located close to the discharge tube. 


with 4 superheterodyne recel 


field. 

the longitudinal plasma oscillations and the transverse electromagnet 

makes the radiation possible. Orig- art. hast 9 figures. {15} 
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TITLE: Use of open sgtiadeieal resonators in plasma research 


SOURCE: Zhurnal tekhnicheskoy fiziki, v. 35, no. 11, 1965, 2042-2051 


TOPIC TAGS: plasma diagnostics, clectron density, microwave, regonator, resonator Q 
factor, resonance frequency, helium plasma, fltsmn pat a 
4d 

ABSTRACT: Advantages are pointed out of the use of Ovens endad, ene cylindrical 

plasmas by the resonance frequency shift method; ronmular a are pres seated lnost of 
these are taken directly from the literature) for calcnlating resonance frequencies, 
field distributions, and Q-factors of open resonators; and experiments are described 
which prove the feasibility of using open resonators in plasma diagnostics. There 
are two basic advantages of the open resonator; the open ends facilitate introduction 
of the plasma into the resonator, particularly {f the plasma is confined in a 
cylindrical tube; and the resonant frequencies are widely separated, se that the 
higher modes are relatively easily identified, These features of the open resonator 
eae the following possibilities; the diameter of the resonator can be made only 
euight hy larger than that of the tubo containing the plasma, thus enabling the plasma 
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.to fill a large fraction of the resonator volume; a wide range of frequencies can be 
employed (by using the higher resonant modes), so that a wide range of electron con 
centrations can be measured; several different modes at widely differing frecvencies 
gaa de Similtanasousiy excited oni their frevcecey shifts weiseret: izlermetion cece 
cerning the radial distribution of electron concentration can be obtained by 
measuring the frequency shifts of aifferent modes having different radial distri- 
butions of the longitudinal electric field component; and an open resonator can be 
mounted within the plasma container itself. One can also excite the resonator at a 
frequency above the cutoff frequency at some point near the axis of the plasma column 
and determine the cutoff jradius with the aid of the theory of a coaxial resonator. 

A 2.3 cm diameter 20 cm long open copper resonator excited in the 3 cm and 8 mm wave- 
renee regions was employed to measure electron concentrations between 3 x 102 and 
1031 em73 in helium plasmas excited in a 1.6 cm diameter 50 cm long quartz tube con-~ 
taining helium at 0.2 mm Hg by 20 » sec discharges. Control measurements were made 
in the 19 cu wavelength region with a 9.1 cm diameter 3 em long closed resonator 
having 2.6 cm diameter openings in the end walls to admit the plasma tube. Fhe effect 
of the quartz tube on the Q-factor was found to be negligible, end its effect on the 
resonant frequency shift was determined experimentally, Measurements were made using 
the Foy4) Eo. and E modes of the open resonator and the Egyy mede of the closed 
resonator, and the difberent measurements were found to be in good agremment with 
each other, The logarithm of the electron concentration decreased linearly with tine, 
and the scatter of the 35 experimental points from the straight Line did not excead 
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